The study upon sage (Salvia officinalis L.) has been carried out at the Experimental Section of Department of Vegetables and Medicinal Plants, University of Life Sciences in Lublin. The aim of present study was to evaluate the yield and chemical composition of essential oil extracted from sage leaves harvested from a three-year plantation. The sage herb harvest date in the third year of cultivation had a significant impact on the yield of plants. Higher yield of fresh and dry herb, dry leaves, and essential oil was achieved in August (the second harvest time) than in May (the first harvest time). Chromatographic examination indicated the presence of 50 chemical compounds in sage essential oil. It was a variable percentage of essential oil components depending on the raw material harvest time. The main components of the sage essential oil were: 1,8-cineole (16.08-18.04%), α-thujone (10.40-21.51%) and camphor (5.24-18.08%).
According to Luwańska et al. [7] , sage is used in the prophylaxis and in the treatment of rhinitis and inflammatory conditions of oral cavity as well as a component of formulations for oral hygiene. Sage leaf is one of the most important raw materials recommended for the prevention and treatment of dental disorders [8] . It can also be applied as an adjunct to the treatment of mild to moderate forms of Alzheimer's disease [9] . Sage also shows antiperspirant properties. Excessive sweating is a common symptom at patients with advanced cancer. Nonpharmacological method of the reduction of excessive sweating is drinking the sage infusion. So far, the mechanism of its action is not recognized [10] .
Microbiological tests showed its high antimicrobial activity [11] . Antibacterial activity has been confirmed by many researchers [12] [13] [14] [15] . Due to the microbiological activity of essential oil, it can be used as an ingredient in food products and pharmaceutical preparations [15] . Sage contains phenolic compounds that exhibit antioxidant activity [16] [17] [18] . Also sage essential oil exhibits antioxidant properties [19] . The oil components counted to oxygenated terpenes are distinguished by high activity [20] .
The aim of present study was to evaluate the yield and chemical composition of essential oil extracted from sage leaves harvested from a three-year plantation.
MATERIALS AND METhODS
The study upon sage (Salvia officinalis L.) has been carried out at the Experimental Section of Department of Vegetable and Medicinal Plants, University of Life Sciences in Lublin.
PLANT MATERIAL
Experiments with sage were established from seedlings produced in a greenhouse. Seed material was obtained from PNOS Ożarów Mazowiecki (Poland). Seeds were sown on March 20 into the boxes filled with peat substrate. The first emergence appeared after two weeks. The seedlings were transferred into multipots and then planted in the field in mid-May at a spacing of 30 x 30 cm, in random blocks pattern, in 4 replications. The plot size was 2.16 m 2 . Plants were grown on lessive soil developed from loess formations on Cretaceous marls. The cultivation stand was prepared in accordance with the recommendations of agricultural technology for sage. Treatments consisted of a manual weed control and soil loosening. No chemical plant protection treatments were applied, diseases and pests were not observed. In the first year of cultivation, sage was harvested once, while in the second -twice. The study was conducted in 2010-2011 on a three-year plantation. There were no plant fall-outs on the plantation as a result of their freezing during winter. The three-year-old plants were fertilized in early 
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-1 as ammonium nitrate in divided dose). The remainder of nitrogen fertilizer was introduced after the first harvest of herb -in mid-May. The harvest of the sage herb in the third year of cultivation was carried out in the first decade of May (first harvest) by cutting the plants at a height of 10 cm above the ground and at the end of August (second harvest) by cutting the plants at a height of 12 cm above the ground. Stems of sage in the third year of cultivation were heavily lignified at the bottom, therefore the cutting height was adjusted to the degree of their lignification.
After harvesting, the yield of fresh herb was determined. Sage herb was dried in a kiln at a temperature of 35°C for 5 days. After drying, the leaves were separated from stems to give a sage leaf, from which the essential oil was distilled.
The yield of essential oil obtained from the dried leaves was given in accordance with Farahani et al. [21] .
Essential oil
Dry sage leaf was subject to essential oil content determination -distillation [22] ; the distillation time was three hours, the size of the sample 20 g of dry leaves, and 400 ml of distilled water. After the distillation was complete, the oil was collected into the calibrated tube and volume of the oil was read after 30 minutes.
gC/MS analysis
Qualitative and quantitative composition of essential oil was determined by means of gas chromatography combined with mass spectrometry (GC/MS) using ITS-40 device (GC/ITMS system, Finnigan MAT, USA) equipped with DB-5 column (J&W, USA) of 30 m length, with diameter of 0.25 mm, and a stationary phase film thickness of 0.25 mm. The injector temperature was 280°C. A temperature gradient was applied: 35°C for 2 minutes followed by an increase of 4°C to 280°C. The qualitative analysis was based on MS spectra comparing them with the NIST/EPA/ NIH spectra library [23] . The identity of ompounds was confirmed by retention indices found in literature data [24] .
Statistical analysis
Results referring to the yields were statistically processed by means of variance analysis for the complete randomization pattern (single classification).
RESuLTS AND DISCuSSION
The sage plantation is normally used in Poland for three years. In the first year, only one harvest is possible, while 2-3 harvests in the next 2-3 years as plants regrows [25] . The yield of fresh and dry herb as well as dried sage leaves in the third year of cultivation significantly depended on the time of harvest (tab. 1). Yield of fresh herb cut at the end of August (the second harvest date) was by about 27.35 kg greater than that harvested in the first decade of May (the first harvest date). Zawiślak [3] showed a significant effect of harvest time on the yield of fresh sage herb in the second year of the plantation performance. The author achieved higher yield of fresh sage herb in September (the second harvest date) than in May (the first harvest date). The yield of fresh herb from the second harvest in the third year of cultivation use was 228.17 kg .
100m
-2 (tab. 1), which was lower than that obtained from the two-year plantation, which was shown by Zawiślak [3] . Dry herb yield obtained at the end of August was by about 30% higher as compared with that from the harvest carried out in the first decade of May (tab. 1). Similarly, the dry leaves yield was greater by 30% in August rather than in May.
Studies have shown that the yield of essential oil achieved from leaves harvested in May was significantly lower than that obtained in August and amounted to 93.46 g , respectively. Research conducted by Kołodziej and Najda [26] showed that the yield of essential oil from sage growing in the first year, depending on the method of cultivation, was 3.58 g . m -2 (when sowing the seeds in the field) and 3.29•g 100 m -2 (cultivation from the seedlings). The yield of essential oil produced from the three-year plantation was slightly lower (tab. 1).
When analyzing data in table 1, it was found that the share of leaves in the dry herb was at a similar level both in the harvest in May and in August. Dry herb obtained in the third year of cultivation use contained about 60% of the stems, that are the waste material and are not used for pharmaceutical or cosmetic purposes. Study upon the three -year plants, as well as the analysis of the results by Zawiślak [3, 27] and Zawiślak and Dyduch [28] shown that obtained herb contained more stems that are not the herbal material, along with the sage aging.
Content of essential oil in dry sage leaf from the three-year plantation did not depend on the time of harvest of the raw material and ranged from 1.16 to 1.35% (tab. 1). Zawiślak [3] showed a significant correlation between the harvest time and content of essential oil in the second year of cultivation. According to the author, more oil was presented in leaves in September (second time harvest). Maric et al. [29] reported that the content of essential oil varied during plant development. Oil content in sage plants before flowering was 0.29-0.49%. In here presented experiment, the essential oil content before plant flowering (the first decade of May) was higher and amounted to 1.16% (tab. 1).
Chromatographic examination indicated the presence of 50 chemical compounds in sage essential oil, of which three were not identified at all (tab. 2). The main components of essential oil of sage grown on the three-year plantation were oxygenated monoterpenes that, independently on the time of harvest, accounted for over 50% of identified compounds. The low content of monoterpenes hydrocarbons in oil from leaves harvested in the first decade of May (9.07%) as compared to sage essential oil from the late summer (the end of August), was very interesting. It was also shown that the content of oxygenated sesquiterpenes in the essential oil from sage leaves in late August was twice as low (8.61%). Tayoub et al. [30] found that the essential oil of Salvia officinalis L. contained monoterpenes in an amount of 57.3% and 41.7% of sesquiterpenes. The study showed higher content of monoterpenes in both the oil obtained from leaves during the May (64.35%) and August harvest (76.48%) (tab. 2). Most of the components identified in the sage essential oil belonged to oxygenated monoterpenes (1,8-cineole, α-thujone, camphor, β-thujone, borneol, bornyl acetals) . A similar relationship was reported by Santos-Comes and Fernandes-Ferreina [31] , as well as by Hayouni et al. [15] .
On the basis of laboratory analyzes, it was revealed that 1,8-cineole was present in the highest quantity (tab. 2). The content of 1,8-cineole was maintained at a similar level both in the essential oil from leaves harvested in the first decade of May and at the end of August and it amounted to 18.04% and 16.08%, respectively. The compound was also present at a similar level at Salvia officinalis L. from Syria (18.3%) and it was also the dominant component [30] . The high content of 1,8-cineole in research by Hayouni et al. [15] , which was 32.27%, is also interesting. In studies carried out by Bernotiene et al. According to Raal et al. [34] , essential oil obtained from the leaves of sage grown in Estonia was characterized by a high content of toxic thujone. The study showed that the oil produced in our climatic conditions contained less thujone during late summer (late August) than in the first decade of May (tab. 2).
Content of camphor in the essential oil from sage leaf harvested in August was present at a level of 18.08% (tab. 2). Bozin et al. [13] reported that the oil originating from Serbia contained similar amounts of camphor (18.9%). Santos-Comes and Fernandes-Ferreina [31] determined camphor content in Portuguese oil from sage leaves at the level of 19.51%. Camphor was also a major component of essential oil derived from the sage leaves in the second year of cultivation in September, which averaged to 20.9% [33] . Ben Farhat et al. [17] demonstrated a highly diverse content of camphor (5.08-15.06%) in sage essential oil originating from Turkey, depending on the region of the raw material origin.
Studies have shown that sage essential oil from the first decade of May also contained twice as much viridiflorol (10.83%), β-thujone (6.49%), and manool (6.62%). In late summer (at the end of August), camphor (18.08%), borneol (9.71%), and camphene (6.93%) were present in larger amounts than in May.
CONCLuSIONS
1. The sage herb harvest date in the third year of cultivation had a significant impact on the yield of plants. Higher yield of fresh and dry herb, dry leaves, and essential oil was achieved by harvesting sage at the end of August (the second harvest date), than in May (the first harvest date). 
